An 18-year-old girl presented with an osteoid osteoma in the ulnar side of the cortex of the distal radius extending into the distal radioulnar joint. The osteoid osteoma was removed from the distal radius at surgery. The patient's symptoms were dramatically improved the day after surgery. A high concentration of prostaglandin E2 (PGE2) was seen in the joint and surrounding soft tissues, and cyclooxygenase-2 (COX-2) receptors were stained in the joint capsule and synovium inside the joint. This case report is the first to describe the concentration of PGE2 and stained COX-2 receptors in an osteoid osteoma in the ulnar cortex of the distal radius extending into the distal radioulnar joint.
Introduction
Osteoid osteomas are benign bone-forming neoplasms that result in progressive pain, characteristic at night, in young adults. Intra-articular osteoid osteomas within the joint capsule are rare. Makley et al. [1] and Greco et al. [2, 3] demonstrated a high level of prostaglandins (PGs) in the nidus of osteoid osteoma; PGs are produced from phospholipids catalysed by cytosolic phospholipase A2 (cPLA2) and cyclooxygenase-2 (COX-2). In this case report, we describe an osteoid osteoma in the distal radioulnar joint (DRUJ), accompanied by a high concentration of PGE2 in fluid collected from the DRUJ and surrounding soft tissues. In addition, staining of the synovium of the DRUJ was positive for COX-2 receptors.
Case Report
The patient was an 18-year-old college girl, who was an active participant in a Japanese archery club. In October 2008, she felt pain in her right wrist joint, which gradually increased and limited her range of motion to the point that she could no longer participate in archery. By March 2009, she held her forearm in pronation and flexion; non-steroidal anti-inflammatory drugs (NSAIDs) did not improve her condition. The patient was referred to our hospital in April 2009.
Her chief complaints were right wrist pain and limitation of wrist range of motion. The right wrist was swollen on the dorsal and volar sides, but it was not warm to touch or erythematous. The range of motion of the wrist was 15 -90 degrees of palmar flexion, and the range of motion of the forearm was 15 degrees of pronation and 0 degrees of supination. Laboratory data were within normal limits.
Plain radiographs showed a small round lucency of cortical bone on the ulnar side of the cortex of the distal radius and swollen soft tissue around the DRUJ. The bone surrounding the round lucency was not sclerotic (Figure 1) . By Magnetic Resonance (MR) First Field Echo (FFE) imaging, which involves gradient-echo imaging sequences, a small tumor at the defect of the cortical bone was clearly seen (Figure 2(a) ). By Short-TI Inversion-Recovery (STIR) imaging, by which the signal from water or fat can be suppressed, the high intensity around the tumor was found to be spread around the distal radius and ulna (Figure 2(b) ); in the coronal view, the high intensity was found to be spread to the volar and dorsal sides of the wrist. By computed tomography imaging, a defect of the cortical bone at the distal radius in the DRUJ was detected.
Due to the differential diagnosis (DD) and because NSAIDs were not effective, surgery was prescribed for the patient. A volar approach was used. The soft tissue was swollen and edematous; especially noticeable was the pronator quadratus, which was edematous and white in colour. The DRUJ was filled with an effusion, which was removed by syringe. The tumor, which showed a red colour, was exposed from the cortical bone to the DRUJ (Figure 3) . A portion of the radial cortex was removed by chisel and enucleated. After irrigation, the wound was closed in layers.
Pathology of the tumor showed that the sharply delineated central nidus was composed of more or less calcified osteoid lined by plump osteoblasts and growing within highly vascularised connective tissue, without evidence of inflammation. Strong cytoplasmic staining for COX-2 was noted by anti-COX-2 immunohistochemistry stain (Immuno-Biological Laboratories Co., Ltd. Japan) (Figure 4) .
The amount of PGE2 was 4600 pg/mL in the fluid of the DRUJ, 228 pg/mL in the pronator quadratus muscle, and 3 pg/mL in the serum. The measurement of concentration of PGE2 was done by SRL, Inc Japan. The amount of PGE2 was almost 1500 times higher in the DRUJ and 76 times higher in the pronator quadratus compared with that in the serum (Figure 5) .
The patient's pain and range of motion improved following surgery. Two years postoperatively, her pain has disappeared completely, and both of her wrists show the same range of motion.
Discussion
Osteoid osteomas generally involve the diaphysis or metaphysis of long bones, accounting for 11% of all benign bone tumor [4] . Intra-articular osteoid osteomas account for approximately 10% -13% of all osteoid osteomas and usually present as a monoarthropathy [3, 5] , which may result in the misdiagnosis of arthritis. Intra-articular location of osteoid osteomas at the wrist joint is very rare, but some reports have described osteoid osteomas involving the radial styloid [6] [7] [8] , which are usually observed in the carpal bone [9] . To our knowledge, only 1 report has previously described an osteoid osteoma in the DRUJ, involving the distal ulna head [9] . No other reports have previously described an osteoid osteoma in the distal radius extending to the DRUJ.
Intra-articular osteoid osteomas are associated with non-specific symptoms such as pain, joint effusion, swelling, muscle atrophy, limitation of range of motion, and advanced epiphyseal development (maturation) [10, 11] . Susa et al. (2009) reported that fibrous degeneration of the pronator teres causes rotational limitation of the forearm, as a result of the PGs produced by the osteoid osteoma [12] .
The Snarr hypothesis stipulates that a specific activating substance may induce inflammation of the synovium in intra-articular osteoid osteomas [13] , thereby increasing PG synthesis, particularly PGE2, as initially described by Makley and Dunn (1982) ; subsequent reports have shown that osteoid osteomas produce PGE2, F2, and I2 [1] . Especially, the synthesis of PG in the nidus was found to be 26 -33 times greater than that in fragments of normal bone [1] . PGs are produced from phospholipids catalysed by cPLA2 and COX-2 through arachidonic acid metabolism. The 2 known forms of COX (commonly referred to as COX-1 and COX-2) are both non-selectively inhibited by traditional NSAIDs. COX-2 is induced rapidly and transiently when stimulated by inflammatory cytokines, and, more recently, has been shown to be up-regulated in various carcinomas and play a central role in tumor genesis. Some investigators have suggested that COX-2 expressed primarily by osteoblasts in the nidus play a major role in activating arachidonic acid metabolism, resulting in secondary synovitis of the involved joint in intra-articular osteoid osteomas. The expression and location of COX-2 in osteoid osteomas has previously been described [14, 15] ; however, the concentration of PGE2 in osteoid osteomas has not previously been measured and associated clinical information has not previously been reported, thereby making the present case unique. The osteoid osteomas might be COX-2 produced benign tumor.
